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Disclaimer

The information and technical data on Passive
House projects documented in this brochure
are based on the information provided by the
respective designers. A detailed examination
could not be carried out in every case.

Certified Passive Houses are identified as such.

Any liability, particularly for possible damages
that might result from the use of the offered
information, is excluded. The contents are
protected by copyright.

The Passive House has become the internationally acknowledged standard for sustainable
architecture, and by now this pioneering achievement is well known all over the world.

It was originally developed in Germany. In central Europe, where over 20,000 living units have
already been realised, this building standard is quickly spreading to all other continents. So far,
Passive Houses have been constructed in Europe, North and South America, Africa and Asia.

The Passive House standard is a unique solution for sustainable buildings:

The standard is clearly defined, and the know-how needed for its implementation is
available to everyone.

Thorough scientific investigation has been carried out in hundreds of existing Passive
Houses, including detailed measurements and time-resolved thermal simulations. The
results confirm that the heating (and cooling) energy consumption in Passive Houses really
is over 80 % lower than in conventional buildings — regardless of the regional climate.
Thus, the Passive House has proven to be an efficient and reliable building standard.
The Passive House is a cost-efficient solution. Most people are surprised how simple the
principles are and how low the additional investment is. Most importantly, any extra
expenses incurred are an investment in quality, because achieving the Passive House
Standard means getting a better building and a truly sustainable solution.

The Passive House offers a realistic option for a cost-efficient building that provides a high
level of living comfort while using very little energy for heating and cooling. In times of rapidly
increasing energy prices, this also makes the Passive House an economically attractive option.

This first English edition of the brochure “Active for more comfort: The Passive House” (now in
its 6th German edition) provides an overview of the basic functions and features of a Passive
House and explains the principles to be observed during design and implementation. The sup-
plementary documentation of 5 projects shows the variety of possibilities this standard offers
regarding use, architecture, construction mode and technical systems.

Most Passive Houses that have been realised so far are new residential homes. Today, more
and more people are becoming aware of the advantages the Passive House standard offers for
other building types as well: offices, schools, kindergartens, gyms or even for indoor swim-
ming pools. What is more, Passive House components that have proven to be effective in new
buildings will also increase energy efficiency significantly when used to modernise existing
buildings. As we all know, this is the part of the building industry that will be most important
for construction companies, residents and other users of buildings in the near future.

At the International Passive House Conference held every spring, experts from all over the
world meet to scientifically discuss issues regarding the latest questions about — and solutions
for — Passive Houses.

“Open Passive House Days"” take place every year in November and offer the chance to expe-
rience Passive Houses with all five senses. Once people have actually gotten a feel for Passive
Houses, they understand that these buildings not only save energy, but provide an extremely
high level of living comfort as well. Typical questions like, “Will it really be warm enough during
winter?” or "What happens if | open a window?" can be answered more convincingly by an
actual resident than by scientific data.

We would like to thank all those who have contributed to making the “6th International
Passive House Days" a successful event, and we hope you enjoy reading this publication.

Yours sincerely, Univ. Prof. Dr. Wolfgang Feist

International Passive House Association,
University of Innsbruck, Austria and
Director of the Passive House Institute, Darmstadt, Germany

www.passivehouse-international.org
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BASIC INFORMATION

The Passive House... What's that?

More living comfort, less energy

A Passive House combines high-level comfort with very low
energy consumption. Passive components like thermal
windows, insulation and heat recovery are the key elements.
Each Passive House is an active contribution to climate pro-
tection. On the outside, Passive Houses are no different from
conventional buildings, because the term “Passive House”
describes a standard and not a specific construction method.
What's so special about a Passive House?

It's all in the details:

1. Exceptionally high level of thermal insulation

2. Well-insulated window frames with triple low-e glazing
3. Thermal-bridge-free construction

4. Airtight building envelope

5. Comfort ventilation with highly efficient heat recovery

Built for the future

The Passive House concept is a low-energy building standard
that has been consistently refined. Good planning and the
careful implementation of details are essential. It is so well
thought out, planned and executed that what little extra
heat is needed can, for example, be supplied by the comfort
ventilation system. The amount of heating power required is so
small that a 20 m? room can be heated using 10 tea lights or
the body heat of four people, even in the middle of winter. In
reality, Passive Houses are heated not with tea lights, but by
an efficient and comfortable heating system. The total heat
consumed is very low.

Adapted to the local climate

The Passive House concept can be implemented all over the
world; the general approach is always the same. Depending
on the local climate, the quality requirements of individual
components will vary. In hotter climates additional focus will
lie on passive cooling measures, such as shading and window
ventilation, to ensure comfort in summer. Any Passive House's
individual characteristics should be optimised for the local
conditions.

Rongen Architekten GmbH | Single-family house | Selfkant-GroBwehrhagen
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1.5 litre/m? heating energy per year!

In facts and figures, for the homeowner this means:

A Passive House uses no more than about 1.5 litres of heating
oil or 1.5 m3 of natural gas (equivalent to15 kWh) per year
and square metre of living space. This means a saving of more
than 90% in relation to the average consumption in existing
buildings. In comparison, a new construction built according to
legal standards in Germany still requires six to ten litres of oil
per square metre of living space.

“The heat losses of the building are reduced so much that it
hardly needs any heating at all. Passive heat sources like the
sun, human occupants, household appliances and the heat
from the extract air cover a large part of the heating demand.
The remaining heat can be provided by the supply air if the
maximum heating load is less than 10 W per square metre of
living space. If such supply-air heating suffices as the only heat
source, we call the building a Passive House.”

Univ. Prof. Dr. Wolfgang Feist

Head of Energy Efficient Construction/Building Physics

at the University of Innsbruck, Austria and

Director of the Passive House Institute, Darmstadt, Germany

“Low heating costs and a pleasant indoor climate year-round make the Passive House the building concept of

the future.”

Karl Kiggenberg, Law firm in Wassenberg
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Let the facts convince you!
A Passive House is...

... comfortable.

As if covered with a down sleeping bag, a Passive House is
enclosed in a very well-insulated thermal envelope to ensure
that the heat stays in the house. This means:

- Evenly warm surfaces in the room

- Uniform and constant indoor climate

- No fluctuations in temperature and no draughts

The comfort ventilation continuously provides clean,
pleasantly warm and fresh indoor air.

... sustainable.

- High energy efficiency radically reduces CO, emissions.

- The Passive House standard significantly contributes
to climate protection and helps preserve limited
resources such as gas and oil.

- The remaining energy demand in Passive Houses can be
completely covered by renewable energy sources.

... efficient.

- It requires very little heating energy.

- It automatically provides perfect air quality with minimal
technical effort.

... innovative.

The Passive House concept is @ modern building standard

that opens up completely new perspectives for architects

and engineers. The construction industry is developing highly
efficient products and offering them on the market. Innovative
building services systems that are compatible with the Passive
House standard complete the range. The investment in comfort
and efficiency adds value and creates additional employment
nationally.

... tried and trusted.

- Several hundred Passive Houses have been scientifically
monitored and rigorously tested. The consistently positive
results are very convincing!

- Thousands of Passive Houses have already been built,
occupied and proven efficient.
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... energy-efficient and provides a good quality of life.

... uncomplicated.

The Passive House doesn't require anything out of the ordinary
from its occupants. On the contrary, by its very design it pro-
vides consistently pleasant indoor and surface temperatures.
There aren't any draughts anywhere, and there is no need to
worry about airing the rooms. And all this requires no compli-
cated technology.

User friendliness is built in, so you can benefit from the extra
time you gain!

... distinct.

The Passive House standard is not a building regulation. The
benefits of a Passive House are convincing. Everything that

is needed is available to anyone: experience, construction
products, planning tools. Every property developer can make a
contribution to climate protection and sustainability, without
cutting back on comfort!

Go for it!

),

Information about example projects that
have already been built can be found at:

www.passivhausprojekte.de
or
www.passivehousedatabase.com

... eligible for funding.

Passive Houses are environmentally friendly. That is why they
are subsidised in many countries and regions. In Germany, for
example, the Kf\W bank offers low-interest loans in sums of up
to 50,000 Euros per dwelling unit in Passive Houses.

Refurbishments using Passive House components are also
often subsidised.

Certification requirements for Passive Houses: The space heating
demand must not be more than15 kWh per square metre of
living space per year. Alternatively, the heating load must not
exceed 10 W/m2, If active cooling is required to ensure comfort
in summer, the energy demand for this is also limited to 15
kWh/(m?a). The building’s airtightness must be verified with an
independently administered pressure test that confirms an n,,
value of less than 0.6 air changes per hour (ACH). The primary
energy requirement for the total amount of domestic hot water,
heating, cooling, auxiliary and household electricity must not
exceed 120 kWh/(m2a). All calculations are based on the
Passive House Planning Package PHPP.

Please contact your local authority or energy agency to find out
about Passive House grants available in your country.
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You have questions?
Here are the answers!

What is passive about a Passive House?

The heating system. A Passive House doesn't need to be
heated actively, because it essentially uses passive heat gains
to heat itself. This way, only a minimal amount of additional
heat needs to be supplied. This concept is based on excellent
thermal insulation and a highly efficient heat recovery system.
The heat stays inside and doesn't need to be provided by an
active system.

The “passive” principle is well known in engineering; it is an
effective strategy to securely, reliably and efficiently achieve a
goal. “Passive security”, “passive filters”, “passive cooling”
and “Passive Houses" are examples of the successful imple-

mentation of this principle.

Of course, all these technical applications are not exclusively
“passive” in the proper sense of the term; minor intervention
is inevitable for directing the respective processes towards the
desired course. It's not about “letting it happen”, but rather
about controlling processes in such a way that a certain goal
is achieved with minimum effort, as if it were happening all by
itself.

Maintaining
the heat using a
insulated flask

Maintaining
the heat by
energy input

Why should buildings be airtight?
Doesn’t a house need to breathe?

Air infiltration through cracks and joints — or draughts — is not
a reliable way of ensuring healthy indoor air quality. It is there-
fore essential to ventilate the building, traditionally by opening
the windows.

In the Passive House, a comfort ventilation system
provides sufficient fresh air to all rooms and
transports used air towards the outside.

An airtight building envelope prevents moist indoor air from
leaking through cracks. Cracks would permit the air to cool

down, making the humidity in the air condense and putting
the building at risk of becoming moist and growing mould.

This will not happen in a Passive House!
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Am | allowed to open the windows in a Passive
House?

Yes! But it's not necessary. Traditional ventilation through
windows requires constant attention and intervention on the
part of the occupants. Due to the continuous development of
odours and moisture (e.g. from towels, plants, wet clothes,
etc.), windows need to be opened and shut regulary, even at
night and during absences. This is simply not possible and as a
matter of fact, most homes are not sufficiently ventilated.

In a Passive House it's different. The ventilation system
constantly provides good quality indoor air; it automatically
extracts moisture and clearly improves living comfort. There are
no draughts, no cold corners in the house, and fresh air is
constantly available. Fine filters keep out dust, pollen and other
particulate materials — an invaluable advantage for people
who suffer from allergies. The windows can be opened if
desired, for example to let in cool air on hot summer nights.

What's so special about Passive House windows?

Windows create a connection to the outside world and let
daylight enter the rooms. They also function as “passive” solar
panels that let the energy of the sun into the house. In central
Europe Passive Houses have triple-glazed windows and the
frames are equally well insulated. In winter, the high-quality
windows facing south allow for so much of the sun’s energy to
enter the building that it more than makes up for any heat that
may be lost through them.

In most climates, large glazing areas should ideally be oriented
towards the equator; windows facing east or west can more
easily lead to overheating and provide less solar gains during
the heating period. Windows need careful planning and, where
necessary, appropriate sun protection. The window specifica-
tions needed to achieve the Passive House standard depend on
the local climate conditions.
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What are the advantages of highly efficient comfort
ventilation?

Passive Houses have a ventilation system with highly efficient
heat recovery, which directly draws away exhaust air from the
kitchen, bathroom and other rooms where unpleasant odours
may occur (e.g. smoking rooms). The heat contained in this air
is used to warm the fresh air coming in from the outside, which
is then supplied to the living room and bedrooms. Passive
House ventilation systems are low-energy devices and have
low levels of sound emission.

These are the benefits you can enjoy:

- Fresh air at all times of the day

- Clean air thanks to fine filters

- Supply air of a comfortable temperature

- Airin living rooms and bedrooms untainted by air from
rooms with odour and moisture issues

- A constant supply of fresh air, ensuring very low levels of air
velocity and no draughts or discomfort

- Energy savings of between 75% and 90%, thanks to the
heat-recovery system

Innovative building services

The remaining required heating energy can be supplied with
any traditional heating system and any energy source. (Purely
electrical direct heat generation should, however, be avoided.)
Since the requirements for heating in a Passive House are
much lower than for a conventional building, any major invest-
ment would not be worthwhile. Appropriate heating systems
make good use of this system advantage.

A conventional distribution of heat using radiators is always
an option, but not essential. In the Passive House, the required
heat can generally also be provided by the supply air from the
ventilation system. The seasonal energy demand for heating

is less than that needed to provide hot water all year round.
Heating the living area can thus become a convenient side
effect of the hot water supply.
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An investment that pays off!

Are Passive Houses more expensive than conventional
buildings?

Passive Houses have already been built at costs no higher than
those for conventional constructions built according to present
standards. As a general rule, however, additional costs of three
to eight percent may be incurred. In order to offset these costs,
the construction of Passive Houses is often financially assisted
— and reduced energy costs more than compensate for a great
part of the additional expenditure. And Passive Houses are
high-quality products. Passive House comfort levels, freedom
from concerns about structural damage, and very low energy
costs all increase the value of the property.

“Within only three weeks, 95 % of the 55 flats in the ‘Campo am Bornheimer Depot’ project were sold or booked

If you wish to build a Passive House, from the very outset you
should coordinate planning accordingly. Thicker insulation
layers may cost a bit more (in order to build suitable walls, for
example), but the price for additional materials is usually quite
low, and installation costs do not increase significantly.

Basically, Passive Houses aren’t necessarily more expensive
than conventional houses. These days, in terms of the total
cost burden of a household, Passive Houses can be more cost
efficient than average new buildings. You can find a sample
calculation in the second part of this brochure.

2

“The 111 owner-occupied Sophienhof flats were sold in record time.”
Frank Junker, Director of ABG FRANKFURT HOLDING GmbH, housing company and developer

FAAG TECHNIK GmbH | Apartment block Sophienhof | Frankfurt am Main
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Turning the idea into reality

Who can provide support for the construction of
a Passive House?

The International Passive House Association

The network for communication, quality information and
professional training offers support and advice for architects,
engineers, manufacturers, builders, property developers, con-
struction companies and research institutes interested in the
construction of Passive Houses.

>> www.passivehouse-international.org

The Passive House Institute

Here you can find literature on the Passive House.

The Passive House Planning Package (PHPP) is an indispens-
able tool for calculating energy balances and designing
buildings. It is published as a spreadsheet by the Passive House
Institute.

>> www.passiv.de or
>> www.passivehouse.com

20 years ago, we did not even dream that one day we would be able to reduce energy consumption for heating to around

15 kilowatt hours per square metre of living space per year — a development which is now standard. By that I mean the

Passive House. This is a great prospect, and I will do everything within my power to promote it.”

From the government declaration by Dr. Peter Ramsauer, Minister of Transport, Building and Urban Affairs

Betlin, 11th November 2009




page 012|013

Certified Passive House Designers / Consultants

Are you looking for a competent partner for planning your
Passive House? Certified Passive House designers possess
well-grounded, expert knowledge that they have acquired in
professional training courses or through practical experience.
This is then tested in an examination or proven by the
certification of a Passive House of their design.

>> www.passivhausplaner.eu

The "Component Suitable for Passive Houses" Certificate
High-quality, reliable information about the characteristics of
important components such as windows, doors, glazing, and
ventilation systems provides assistance for the realisation of

Passive Houses.

>> www.passiv.de

Interested?

),

WOULD YOU LIKE TO FIND OUT MORE?

In the following part of the brochure you will

find further information, tips and technical infor-
mation that will provide valuable assistance for
the planning of your Passive House.

The “Quality Approved Passive House"” Certificate

To make sure that your building really is a Passive House you
can apply for certification. Certified Passive Houses will be
awarded with a certificate and a Passive House Plate that can
be attached to the building. A list of all accredited certifiers can
be found on

>> www.passiv.de

Direct link:
http://www.passiv.de/03_zer/Zertifizierer/Zertif-PHI_F.htm

Technical questions?
We will be happy to assist you!

Simply send an email (Subject: Technical question) to:
info@passivehouse-international.org
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DETAILED INFORMATION

From the vision to the Passive House

In the beginning... was an idea.

Is it possible to achieve a building that is highly energy-
efficient, provides good thermal comfort, has good indoor air
quality, is economically attractive and at the same time easy
on natural resources? Dr. Wolfgang Feist and Prof. Bo Adamson
first addressed this problem in May 1988, with the Passive
House Research Project. Using a Passive House that was built
as a demonstration model and then occupied as of 1991, they
proved that extremely low energy consumption is possible.
The energy consumption measured in this Passive House in
Darmstadt Kranichstein amounts to less than 15 kWh/m? of
living space per year — and has consistently done so over the
last 18 years.

Recent projects

Since that time, more than 13,000 Passive Houses serving
various functions have been built in Germany alone, including
single-family and multi-family houses, schools, kindergartens,
office buildings, senior residences, swimming pools, etc.. More
recent projects clearly show the progress that has been made
over the last few years. Especially in the construction of multi-
storey buildings, the Passive House concept displays its advan-
tages. With its 354 accommodation units, the “Lodenareal”
building in Innsbruck is the largest Passive House construction
in the world. Today, Passive Houses are no distant vision any
more: they have become an affordable investment for building
constructors. A large number of Passive House projects have
been realized all over the world. These projects can be found in
the Passive House database at www.passivhausprojekte.de or
www.passivehousedatabase.org.

Of course, the design and construction of a Passive House
places high demands on the people involved. To get you
started we have compiled the most important information for
you. Numerous specialists can provide assistance for further
planning.

architekturwerkstatt din a4 | team k2 architekten | Apartment block Lodenareal | A-Innsbruck
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Less energy — more comfort!

The general principle of the Passive House is energy
efficiency. Excellent thermal protection, innovative window
technology, an airtight construction, highly efficient building
services for ventilation, heating and hot water as well as elec-
tricity-saving household appliances are essential for achieving
this principle. The Passive House technology not only reduces
energy consumption but also increases thermal comfort and
improves the building's protection.

The improved thermal insulation in Passive Houses reduces
heat losses and leads to higher indoor surface temperatures

in the winter and to lower temperatures in the summer. They
hardly differ from the ambient temperature, providing for a
pleasantly warm, uniform indoor climate without any cold
corners or risk of condensation. All constructions — whether
solid, timber, steel or mixed — can be implemented with highly
insulated building envelopes.

.
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Comfortable in the summer, too!

In Passive Houses during the summer, high temperatures can
be prevented to a great extent. The good insulation protects
not only against the cold but against heat as well, provided
that not too much heat is already present indoors. During the
winter months, the sun’s free warmth is of course desirable.
Windows that face south are ideal, because during the winter,
the sun is low in the sky and can shine directly into the house.
In summer, the sun is high in the sky and fewer of its rays can
enter southern windows.

Effective shading must be provided in particular for windows
that face west and east. The house can also be ventilated
through the windows in the hot months. A calculation sheet
for planning good summer temperature values is available in
the Passive House Planning Package. The tool can be used to
estimate summer temperatures and plan suitable protective
measures against summer heat.

triple-glazing
radiation
temperature:
20.5°C

left half of the
room

radiation
temperature:
18°C

right half of the
room

double-glazing
radiation
temperature:
20.5°C

left half of the
room

radiation
temperature:
15°C

right half of the
room

It is the well-insulated window which
so improves thermal comfort, because
it keeps the average inside surface
temperatures above 17 °C. Even in
severe winter, there is no perceptible
drop in window-surface temperatures.
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Thermal bridge free and airtight

Prevention of thermal bridges is one of the most efficient
savings measures, as experience with Passive House con-
struction has shown. Building envelopes consist not only of
standard construction elements like walls, roof and ceilings, but
also include edges, corners, connections and penetrations. The
heat loss at these points is generally higher (thermal bridges).
Observing some simple rules helps to reduce losses caused by
such thermal bridges.

For example: A balcony slab which is part of the concrete
ceiling inevitably leads to additional heat losses, because it
penetrates the insulation and conducts heats towards the
outside. The use of a thermal break element must be planned
to minimize these losses. A good solution, for example, is to
position the balcony in front of the facade and provide
separate supports.

The Passive House concept aims at a “thermal-bridge-free”
con-struction, reducing thermal bridges so much that they do
not have to be taken into account in calculations.

)

The airtight layer in a Passive House (green line)
seamlessly encloses the heated space; it should be
possible to follow the line with a pencil without any
interruption. For each detail, the materials to be used
and the connections to be made should be defined
during planning.

A similar pencil rule should also apply to the thermal-
bridge-free insulation layer (yellow). Unavoidable
penetrations should consist of components with
minimal thermal conductivity.

Specific information concerning this issue and many specially
developed products are now available to designers and manu-
facturers.

Ensuring that the building envelope is airtight reduces the
risk of structural damage. Achieving an airtight construction re-
quires careful planning and execution. An airtight building can
be effectively achieved, for example, by full plastering on the
inside, sheeting, reinforced building paper, or wood composite
boards. Quality workmanship and the proper installation of

all airtight building materials and products (e.g. windows and
doors) are also important. The Passive House Institute provides
planning tools for durable, exceptionally airtight constructions.
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Draughts, cold feet, structural damage due to cracks —
Passive Houses make these things of the past!

The air should not flow randomly through the walls (building
envelope), driven by the wind and temperature differences.
These types of air flows are not sufficient to provide con-
sistently good air quality. They are uncomfortable (at times
too much air, often too little air) and can cause structural
damage as leaks in the building envelope allow warm moist
air to flow from the inside towards the outside. The air cools
down, condensing the moisture and causing mould and rot.
Poor sound protection and significant heat losses are further
disadvantages of leaking houses. Therefore, every building
should be airtight! In the Passive House, a ventilation system
provides for sufficient and lasting fresh air.

With careful planning, it is possible to construct buildings in
an airtight way. Property developers and architects with
Passive House experience know exactly how to do it. For
each Passive House, a building airtightness test (the so-called
“Blower Door"pressure test) is carried out at a suitable point
in time to make sure the stringent quality requirements
are met. The test is performed by creating positive-pressure
followed by negative-pressure, and measuring the total
leakage. Any leaks detected can then be sealed.

An airtight house has many advantages: it is free from
draughts, prevents structural damage, improves sound
protection, saves energy and is comfortable.

“We have an exceptionally good indoor climate in our house. I’'m very sensitive to draughts. Here there aren’t any; that’s

why I feel the cold even more when I'm staying somewhere else.”

Drt. Wilma Moht has lived in a Passive House since 1991.

Fan for pressure test
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Passive House windows

Insulated window frames and low-e triple-glazing

High-quality windows are essential components for Passive
Houses. The stringent thermal protection requirement (U-value
less than 0.85 W/(m2K)) for the fitted window is determined by
the demands for thermal comfort in living spaces. The average
temperature of the internal window surfaces on winter days

may not fall below 17°C, without radiators under the windows.

This way, optimum thermal comfort is provided even near the
windows. The window frame plays a particularly important
role, because for typical window sizes, the frame accounts for
between 30 and 40% of the total window area.

hen install
of the exte
1al insulati
at losses ¢

Cross section: solid construction | timber-frame construction

Heat losses from conventional window frames (U-value
1.5 — 2.0W/(mK)) are twice as great as the heat losses
through an insulated frame with a U-value of 0.8 W/(m2K).

The additional heat losses at the edges of the glass are also
considerable in conventional window frames. They can be
greatly reduced if a thermally improved edge seal is used.
Therefore a well-insulated window frame is essential for high-
quality glazing (triple-pane low-e glazing or equivalent).

Triple low-e glazing and an insulated frame, as per the above
specifications, are required in the cool temperate, e.g. central
European, climate. In warmer climates a window with double
low-e glazing and a moderately insulating frame would be
sufficient, whereas in colder climates even quadruple glazing
and further improvements in frame insulation may be required.
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Maximum comfort

Preventing thermal bridges at the window

Significant thermal bridges can occur if a window is incorrectly
installed in the wall. In Passive Houses windows are skilfully
incorporated into the insulation layer of the external building
elements. This generally includes extending the insulation so
that it overlaps connections in the window frame in order to
prevent heat losses and raise internal surface temperatures

at these junctures. Certified windows also need to provide

for these installation details, so that everything fits together
perfectly during construction.

Use of solar energy

Solar radiation enters the room through the glazing and acts
as passive solar heat gain. Heat losses can be prevented to a
great extent by good levels of insulation. The amount of
passive solar gain depends on the building location as well as
the distribution and orientation of the glazed areas.

Experienced designers have realised Passive Houses even in
locations that receive little sunshine. The passive use of solar
energy not only leads to savings in energy and costs but also
provides attractive and healthy living conditions.

The illustration shows a cross-section of one side of a window.

“What is the best feature of your Passive House?” “The large window areas; it’s as if we are living outdoors.”

“Is your Passive House living up to your expectations, or did you have to accept compromises?”
J te) J > J

“We have our dream house, no compromises!”

The Schwally family lives in a Passive House in Ulm.

Insulated window frames that are suitable for Passive Houses are available in many different materials so that everybody’s preferences can be met.
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Comfort ventilation:

In the Passive House the home ventilation system plays a
key role. It provides clean, pollen-free, dust-free air and
eliminates moisture and odours where they occur. Opening
windows to achieve this would result in heat losses greater
than the total energy demand.

That is why heat recovery from exhaust air is indispensable in
the Passive House. It reduces ventilation heat losses consider-
ably because inside the heat exchanger, heat from the warm
exhaust air is passed on to the cold fresh air. Depending on the
efficiency of the heat exchanger, over 90% of the heat from
the exhaust air can be passed on, which brings the incoming
air almost up to room temperature.

High quality systems ensure that the exhaust air ducts and
supply air ducts in the heat exchanger are leak-proof, so that
the fresh air and exhaust air are not mixed.

These high-quality ventilation systems use much less energy
than the amount they are able to save by preventing heat
loss. The ventilation system as a whole needs to be carefully
designed and laid out.

Air flows (imperceptibly) into the living room and bedrooms of
the house and is extracted through the kitchen, bathroom and
WC. These two areas are connected by so-called transferred air

zones (e.g. hallway) that direct the air flow through the home

and allow the fresh air to be used several times.
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Clean air, pleasant climate

To ensure that closed doors do not hinder the air flow,
appropriate air transfer openings (e.g. covered panels with
acoustically optimised vents) are installed above the door
frame. A high-quality Passive House ventilation system is super

silent, in Passive Houses the maximum sound level is 25 dB(A).

To comply with this limit, the supply and exhaust air ducts are
fitted with silencers that prevent sound transmission between
the rooms.

Operating and maintaining a comfort ventilation system with
heat recovery is very easy. For reasons of hygiene (prevention
of contamination), the system must be fitted with high-quality
filters in the fresh air inlet and coarse filters in the exhaust air
valve. These filters should be replaced regularly (one to four
times a year). Experts and specialised companies are at your
disposal for planning and installation information, advice and
support. User information can be downloaded free of charge
from the Passive House Institute website at www.passiv.de.

))

The basic principle of the Passive House
ventilation is this: Moist air is extracted from
the kitchen, bathroom and WC. Fresh air flows
into the living areas. As a result, the hallways
are automatically ventilated as well.

As a general rule, the ventilation system should
be designed to provide 30 m3 of fresh air per
person every hour. For a living space of 30 m?
per person, this is equivalent to a supply air
quantity of 1 m3/(mzh). Since the maximum
temperature of supplementary heating is limi-
ted to less than 50°C, a maximum heating load
of 10 W/m2 is the result. This can easily be met
by the supply air.

Even a Passive House requires some heating, but the

heating demand is so small that the ventilation system can
also be used to distribute heat in the house. Heater coils heat
the incoming fresh air. Compact heat pump units have been
approved for this purpose, because they combine all the buil-
ding services functions (ventilation with heat recovery, heating,
hot water supply and storage) in one unit. These space-saving
devices are industrially manufactured and optimised and are
easy to install.

Other solutions are also available — the Passive House is flexible.
Gas, oil, district heat or wood can be used for heating and hot

water. Active application of solar energy, using solar collectors

to provide hot water for household use, is an interesting option
that can reduce energy consumption even more.

extract air
from bathroom

exhaust air

J

supply air
to bedroom

fresh air

f ) .
supply air extract air external
to living room from kitchen air filter

air-to-air 1

supply aiJ
heater heat exchanger |

optional: subsoil heat exchanger
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Old buildings can become
Passive Houses too!

Why refurbish?

In Germany, less than 1% of the existing buildings are newly
constructed. Most people in Germany will continue to live and
work in older buildings over the next few decades. Because
such buildings use even more energy than the average new
construction, they offer an even greater potential for energy
savings. What works for new buildings cannot be wrong for
existing ones. On the whole, the refurbishment of older
buildings is financially profitable — and also reduces the
economy's dependence on energy imports.

Costs and benefits...is it worthwhile?

To be cost-efficient, it is crucial to optimise the modernisation
measures that are necessary anyway. The additional expense
for components that meet Passive House standards is small,
and the value of the building increases considerably. A house
that has been refurbished in a consistently energy-relevant
manner, with a high level of comfort and low running costs,
is significantly more attractive for tenants. The chances for
successfully renting out the property improve considerably.

Since optimally refurbished older buildings not only ease the
personal financial burden, but also the environmental impact,
financial-assistance programmes are available. The German
KfW bank programme supports energy-efficient refurbishment
by offering low interest loans (detailed information at:
www.kfw-foerderbank.de). The somewhat higher investment
costs are worthwhile not only because of the savings in energy
costs; the property developer’s initial outlay is reduced as well.
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Refurbishment of older housing is the order of the day!

The fact that it is possible to successfully equip existing
buildings with Passive House components has often been
demonstrated and is well proven.

Almost all the advantages of a newly built Passive House can
be effectively applied in existing buildings as well.

“Anything worth doing is worth doing well.”

Whenever a building component needs to be modernised, the
materials used and the workmanship involved should be of the
highest quality possible. If you use Passive House components
for each modernisation measure, step by step you will arrive
at an optimum level of energy conservation, maximum user
satisfaction and the best economic results.

This is better than making several half-hearted attempts to
modernise all at once, which would compromise any future
efforts to achieve low energy consumption.

Detached house | Refurbishment of an older building with certified Passive Houses components | Darmstadt




DETAILED INFORMATION

The advantages of Passive House components

Saving a lot on energy is only one of the many benefits of

a Passive House, but a very important one. In times of high
running costs that constitute a significant burden and are often
referred to as “the second rent”, Passive House components
reduce energy consumption in existing buildings by 75% as a
rule, and often by up to 90%. Even more significant is the fact
that the building substance of older constructions is consider-
ably improved. For example, due to the excellent insulation
level, the risk of mould growth is practically eliminated. Passive
House windows are so warm on the inside that condensation
does not occur. The living area can be fully utilised, because
furniture can be positioned near external walls, without fear of
mould.

Older building before refurbishment | Frankfurt am Main

How thick should the insulation be?

In the central European climate, the economic optimum for
external wall and roof insulation is currently about 220 mm at
a thermal conductivity of 0.04 W/(mK). Using a future-oriented
insulation thickness of 320 mm is equally cost-efficient,
because it saves even more energy and provides even greater
independence from energy prices. High-quality insulation is an
economical form of insurance in times of energy-prices crises.

EQUIVALENT COST OF THE ENERGY SAVED

If a building element needs to be renovated (e.g.
because the exterior plaster is cracked), an additional
investment for insulation would be small. Once the
costs for the scaffolding and improvement of the
facade (which would be incurred either way) are
deducted, only the costs for the energy-relevant
refurbishment remain. The same principle applies to
the refurbishment of the roof, the windows and the
basement ceiling. The additional costs for improved
thermal protection are amortised by the equivalent
energy costs saved.
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Does insulation change the appearance of a house?

Applying insulation to the external walls increases their thick-
ness. If the windows are renewed at the same time,

they should be fitted in the insulation level in front of the
window reveal, so that thermal bridges are avoided and
window reveals don't appear to be deeper than before
refurbishment. When additional insulation is applied to an
existing facade, the design options are almost limitless. For
ornate 19t-century facades or valuable brickwork facades,

it may be better to apply insulation on the inside.

“Would you move into a Passive House again?”

What if external insulation is not possible?

We recommend examining any possibility to improve the
external insulation for this is always the best solution. Even if
a building can only be insulated on the inside, however, it is
better than no insulation at all. An interior insulation must be
competently planned and carried out. In contrast to external
insulation, there are many problems associated with interior
insulation, and they can have serious consequences. It must be
sealed and airtight inside every room and all thermal bridges
must be reduced as much as possible in order to eliminate cold
areas that could lead to moisture damage.

“Yes, by all means — especially because it feels so good to live here. When we returned from a 4-week holiday,

we immediately noticed how fresh the air in our home was.”

\ family in a Passive House in Wiesbaden (EB 2/2000)

)

The equivalent cost is between 1 and 4.6 Eurocents

per kilowatt hour saved, even for insulation thickness

levels suitable for Passive Houses, depending on the
building element and type of construction (see Final
Report: Evaluation of energy-relevant requirements
in view of increasing energy prices for EnEV and Kfw
funding, PHI June 2008). Considering current energy
prices of 8 to 9 Eurocents per kilowatt hour of
energy from oil or gas, it quickly becomes clear that
you could hardly make a better investment.

Faktor 10 | Older building after refurbishment




DETAILED INFORMATION

What doors and windows are suitable?

Many windows still have poorly insulating double glazing;
single glazing can even sometimes still be found in older
buildings. Modern double glazing that has a thermally protective
coating and is filled with inert gas is also energy saving, but
you should always bear in mind: “Anything worth doing is
worth doing well.” If windows need to be replaced anyway,
well-insulated Passive House windows should be installed.

For the central European climate this means a window with an
insulated frame and triple low-e glazing. In southern Europe a
window with double low-e glazing and a moderately insulating
frame would be sufficient, whereas in colder climates even
quadruple glazing and further improvements in frame
insulation may be required.

If the facade is newly insulated or the front door needs to be
replaced, it makes sense to install a door that meets Passive
House standards. It is an essential component that can also
serve to prevent unnecessary heat losses due to poor insulation
or connections that are not airtight.

»

You wish to replace old windows with new ones.
There's no doubt that this will be expensive. You will
have to reckon with around 250 Euros per square
metre of window area for conventional windows,
plus the costs for the disposal of the old windows.
That's why windows are not replaced every year; the
new windows should do their job for at least twenty
years. That's how long the house owner and users
will have to live with these windows — good grounds
for choosing the windows on the basis of their ability
to stand up to future conditions and requirements.

What are the limits of refurbishment?

In new constructions, supplementary insulation is applied
under the floor slab. This is naturally not feasible for an existing
building. An alternative would be to apply insulation to the
surface of the floor slab and/or use a so-called insulation
apron, an external insulation covering the entire external wall
all the way down to the foundation.

Installing a thermal barrier in existing basement walls in order
to minimise thermal bridges is also rather uneconomical.
Instead, a “flanking insulation” can be applied along base-
ment walls that penetrate existing insulation (e.g. where they
join the basement ceiling), to help reduce heat losses through
thermal bridges and raise the interior surface temperatures of
the rooms above.

Windows that meet these demands are already
available today: Passive House windows prevent heat
losses much more efficiently than new conventional
windows. Their inner surfaces are uniformly warm,
and there are neither any disturbing drops in tempera-
ture nor any surfaces that radiate cold. In view of the
unavoidable investment costs for new windows, the
extra cost for Passive House quality is low.

Depending on the type of window, the extra cost
amounts to 80 to 180 Euros per square metre of
window area (30% to 70% of the inevitable costs).
And you can have the window of the future today!
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How can an older house be made airtight?

In buildings with brickwork and solid ceilings, the interior
plaster can provide an airtight seal if damages are repaired
and the plaster directly joins the unfinished floor. Timber-beam
ceilings make it more difficult to guarantee continuous air-
tightness at the joists in the external wall. If thermal insulation
is applied to the facade, it may be expedient to apply the
necessary adhesive evenly over the entire surface, in order to
create an airtight layer at the level of the original external wall
covering.

In the roof or on the uppermost ceiling, the vapour barrier
sheet, necessary to keep the building damage free, can also
serve as the airtight layer. Depending on the position of the
insulation, the basement ceiling or reinforced concrete floor
slab could form the lower boundary of the building. If the
basement ceiling is not airtight, a crack-free screed could
serve as the airtight layer. New windows can be equipped
with a plastered-in sealing sleeve.

Thermographic image after (left) and before (right) refurbishment.

Does airtightness increase the risk for mould growth?

An airtight building envelope prevents warm air from escaping
and stops cold air from entering which also protects the
building from damage. If warm, damp indoor air flows into the
walls or roof through cracks, it condenses on the colder, more
external building layers, causing mould and structural damage.
Every refurbishment should, however, also include the installa-
tion of a ventilation system to prevent excessive moisture accu-
mulation in the air and on the surfaces of building elements.

Does insulation lead to mould growth?

External insulation is the best way to prevent mould, because
it increases the temperatures on the inner surfaces of the walls,
roof and basement ceiling, so that moisture in the air can no
longer condense. Condensation at the points of any remaining
thermal bridges is also reduced. Increased surface tempera-
tures perceptibly improve comfort.




DETAILED INFORMATION

Is a ventilation system really necessary?

In a new house as well as in an existing building, the venti-
lation system transports unpleasant odours and unhealthy,
polluted air out of the house — around the clock. Even the
most dedicated fans of window airing can’t accomplish that.
Measurements confirm that good air quality can hardly be
achieved by ventilating through windows alone. The windows
would have to be opened all the way every four hours, and
the air in the rooms would have to be replaced completely
each time. In an airtight building it is all the more important to
ventilate continuously and remove moist air from the kitchen,
bathroom and toilet. Ultimately, this serves to improve health
and avoid building damage. A Passive House ventilation system
constantly provides for excellent air quality — and also saves
energy through heat recovery.

Doesn’t the ventilation system use more energy than
it saves?

When heat recovery ventilation systems are properly installed,
the ratio of electricity required to heat loss prevented is 1:10 or
better. This means that the ventilation system saves more than
10 times the energy it requires for operation.

Where is the ventilation system located?

Heat-recovery ventilation systems are not very large; they
can even be placed in a storage room. If there is not enough
space, flat devices can also be integrated into a suspended
ceiling or a wall. Ventilation systems can be installed in a
centralized or decentralized fashion.

Do | need new interior doors?

For the home ventilation system to function properly, air from
the living areas needs to be able to flow through the hallways
into the kitchen and bathroom. To assure air flow even when
doors are shut, there should be a gap of at least 10 mm
between the bottom of the door and the floor. If this is not
already the case, doors can be shortened without much effort,
or an opening for transferred air can be created.
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How much does a heat-recovery ventilation What should I do with the old heating system?
system cost?
0Old heaters and pipes can often still be used after an energy-

For the purchase and installation of a controlled ventilation oriented renovation. Since less heating power is needed now,
system with heat recovery, you should reckon with 40 to 90 the water in the heater can be kept at a lower temperature and
Euros per square metre (net), depending on the size of the the heating system can work more efficiently. In most cases the
house and the type of unit. For maintenance and operation, boiler itself is then too large and can be replaced by a smaller,
another 20-80 Eurocents/m? per year should be calculated. much more efficient heat generator.

Since older buildings are much more airtight after refurbish-
ment, we strongly recommend the installation of a simple ex-
haust air system as the minimum standard. The extra expense
of an energy-efficient ventilation system with heat recovery will
also pay off due to the additional savings in energy costs.

© Passive House Institute and Passivhaus Dienstleistung GmbH

“We know from calculations that we had 5% additional costs and that these would be amortised in a few years due to the
energy savings.
Dr. R. Koppler, Mayor of Gunzburg/Germany

Ventilation unit with heat recovery Supply air duct during construction
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Where to begin?
In what order should refurbishment take place?

In energy-relevant refurbishment, it is always best to begin
with the building element that most needs to be renewed. If
the facade plaster is falling to pieces and needs to be replaced,
thermal insulation of sufficient thickness can be applied at
the same time, at little extra cost. The additional investment is
well worth it in any case, thanks to the heating costs saved.
Renewing building elements that will still be serviceable for a
long time, simply in order to improve thermal protection, may
not always prove economical. You may, of course, still want
to consider replacing them to enhance comfort or to prevent
structural damage.

With each thermal protection measure you undertake, you
should bear in mind how to simultaneously create the best
possible conditions for later improvements. If the roof is being
renewed and insulated, for example, the roof overhang should
also be enlarged to an extent that will provide enough space

for the later addition of thermal insulation on the external wall.

Old situation: Cold surface temperatures can lead to humidity-related damage

| o .
reveal - \110°C glazing

| (101 oc) base of exterior wall

wall

Which comes first, the insulation or the heating?

By consistently renovating with Passive House components,

the heating demand and the required heating power are
drastically reduced. Existing heat generators are then clearly
too large. Cost-efficient retrofitting should therefore begin with
optimising the thermal protection of the building envelope and
installing a heat recovery ventilation system. Later, the heating
can be economically replaced with a low-power heating system
that better conforms to the new, reduced level of need.

If the heating system is defective and needs to be replaced
first, however, it is essential to install the most efficient system
possible, e.g. a condensing boiler with low standby losses
which will still produce heat efficiently once the thermal pro-
tection has been improved.

>> Further information on the refurbishment of older
buildings can be found in the Passive House Institute
protocol literature, vol. 24, 30, 32 and 39

(in German only).

Also see www.passiv.de or www.passivehouse.com.

conditions:
external temperature -5 °C

indoor temperature 20 °C

The walls of older buildings are
usually poorly insulated. The
] ] edge bond temperatures of the interior
. @ il goec)! surfaces drop and humidity rises —
| =l often so much that mould growth
behind . i occurs. Good insulation on the
the . e j 155 °C exterior can prevent this from
cabinet happening.
e
edge of exterior
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Is it possible to live in the house during renovation?

Conscientious planning reduces the time required for the
installation of the ventilation system to four or five days, and to
one day for fitting the windows. During this time there may be
some inconvenience, but you won't have to leave the house.

How much will it cost?

The additional expenses for a refurbishment using Passive
House components naturally differ from house to house. For

a multi-family home, a ventilation system and Passive House
windows can cost a good 120 Euros extra per square metre
of living space, compared with a conventional refurbishment
according to German legal standards. For a single-family house
these costs are slightly higher due to the less favourable geo-
metry. Taking into account the savings in energy costs and the
subsidies granted for energy-efficient construction, however,
refurbishment with Passive House components is currently just
as economical as conventional retrofitting.

New situation: Refurbished with Passive House components

In addition, the residents benefit from optimum living com-
fort and extremely low heating costs, even with rising energy
prices.

Where can | apply for a subsidy for my refurbishment
project?

Please contact your local authority to find out about possible
subsidies. As an example, the German KfW bank provides low
interest loans for property developers. The higher the level of
energy efficiency aimed for, the more favourable the conditions
of the loan. In Germany, the Federal Office of Economics and
Export Control (BAFA) also grants subsidies for refurbishment
measures. You may benefit from regional funding program-
mes offered by some local authorities, as well. It pays to be
informed!

Is there a Passive House certification for energy retrofits?

The PHI has recently developed the “EnerPHit" certification for
quality-approved energy retrofits with Passive House compo-
nents. At the time of printing, the pilot phase with selected
renovation projects had already started (certification criteria:
WWW.passiv.de).

conditions:
| (160°c lazi external temperature -5 °C
revea glazing indoor temperature 20 °C
The same living room after
modernisation (200 mm insulation
edge bond .
. on the external walls, new Passive
@ 13.0 °C House windows). Almost all the
= I surface temperatures are above
behind eeorwa 16 °C — even at the skirting board
the . 195 °C and in the corner behind the
cabinet cabinet. The moisture level
178°C remains low and there is no risk
of mould.
edge of exterior
wall

base of exterior wall
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The Passive House

Building a Passive House means saving energy costs —
and investing in better building quality.

Can a Passive House pay for itself through energy savings
alone? That of course depends on future energy costs. It's very
likely that energy will continue to get more expensive. The total
annual expenditure for a Passive House can already be lower
than that of a new construction built according to conventional
regulations — thanks to its extremely low energy demand and
the low interest loans offered in many countries and regions.
For instance, the loan offered by the German KfW bank

(50, 000 Euros at a rate of 2.45 to 3.05% p.a. as of
07.02.2010) can be granted to anyone who builds a Passive
House, regardless of personal income.

EXAMPLE:

A German family builds a detached house with 140 m? of living
space. The optimised insulation, thermal-bridge-free construction,
Passive House windows and heat recovery ventilation system

add up to an extra investment of 13,000 Euros, compared with

a standard house. Despite this additional initial investment, the
family ends up paying 340 Euros less per year than they would for
a house built according to regulations only. What appears to be a
contradiction can be easily explained:

The family takes on a mortgage at the current interest rate of
4.3%. Over a period of 30 years they will have to pay back about
700 Euros per year, plus 70 Euros per year for the electricity used
by the ventilation system, adding up to 770 Euros per year on the
costs side. On the credit side, the Passive House saves 540 Euros
on heating costs per year in terms of fuel, this means about 850
litres of heating oil or 850 m3 of gas saved every year.

Rule of thumb:

For small buildings like detached or semi-detached houses,
Passive-House construction will incur additional expenses of
about 10%, for terraced and multi-family houses 8%. Addi-
tional costs will amount to approximately 5% for large office
buildings or schools. These extra costs will continue to decrease
as architects and building engineers gain more experience in
the construction of Passive Houses.

Since only the energy-relevant improvements of certain
construction details incur higher investment costs (and these
additional costs are minor), the total expenditure is not
governed by these improvements but rather by the individual
building design.

The family also profits from a low-interest Passive House loan
from the KfW bank. The interest rate is considerably lower than
the market rate, so the family saves another 570 Euros per year
(based upon a 50,000 Euros loan, payable over a period of 30
years, interest rate 3.05%, fixed interest period of ten years*).
The total annual savings of 1,110 Euros now far outweigh the
additional annual costs of 770 Euros. Each year the family
saves 350 Euros.

(based on an energy price of 64 Eurocents/litre heating oil or m? gas on average
over the next ten years) Credit repayment can be deferred by up to five years to
further reduce the financial burden during the critical initial years.

*As of 07.02.2010. Current conditions at www.kfw-foerderbank.de, “Energy-
Efficient” Construction programme.
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An attractive investment

1. Optimal Insulation

The insulation layers for all external building elements — floor
slab or basement ceiling, external walls and roof — are thicker
than required by building codes. With competent planning, the
construction costs hardly change; the only additional costs are
for the larger quantities of insulation material and amount to
approximately 0.40 to 1.20 Euros per 10 mm of extra insu-
lation per square metre of construction element area. This
investment pays off from the very beginning — even at today's
energy prices.

The cost burden of a house built according to the German regulations (EnEV 2009) [red]

compared with that of a Passive House [green]

Euros per year

10.000 —

2. Thermal-bridge-free building envelope

Small and middle-sized Passive Houses must be thermal bridge
free. This will incur almost no additional costs because
experienced architects know which details are most cost
effective. Certified building products already come with exact
illustrations of the most important details. In large-volume
buildings, achieving a thermal barrier for load-bearing
construction elements can be a very complex task, so a certain
amount of thermal-bridge effect is acceptable here. Somewhat
better insulation of other building parts can make up for these
thermal bridges and allow for a good energy balance, because
these buildings have a favourable surface-to- volume ratio
(A/V ratio). On the whole, the cost-benefit ratio for thermal
bridge reduction is excellent.

What happens when the fixed inter-
est period of the loan expires? The
interest rates could adjust to the
market rate, just like those for regu-
lar mortgages, but thanks to energy
savings, the total costs for a Passive
House are still lower than those for
a standard building. The illustration
shows a model calculation, assuming

constant capital market conditions
and a real energy price increase of
2% per year (based on 58 Eurocents

10 20 30

financial burden for a Passive House
—— financial burden for a conventional house

per litre of heating oil or m? of
natural gas).

40 years
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3. Airtight building envelope

Improving a building’s airtightness helps prevent structural
damage and increases the level of comfort. Building structures
that are not airtight always end up being more expensive than

using conscientious construction methods from the very outset.

Having to repair any damage or improve the building envelope
at a later stage is more complex and ultimately leads to higher
costs. That's why you should always demand a building
envelope which is as airtight as that of a Passive House.

Seen objectively, there aren’t any additional costs here; on the
contrary, you avoid potential repair costs.

>> Learn more about cost calculations from the
Passive House online course: www.passivhauskurs.de

4. Passive House windows

Passive House windows must fulfil high requirements, and
many of the products available on the market today do so.
Better quality has its price of course — the additional costs for
Passive House windows are definitely noticeable. But while
the energy savings achieved by Passive House windows alone
may not make up for the (unsubsidised) extra costs, they are
indispensable. They help reduce other costs as well: thanks to
lower heat losses, the costs for heating and air conditioning
are reduced. As an additional benefit, these windows greatly
enhance comfort.

Viewed as a whole, the investment in quality Passive House
windows i